Background: The Netherlands experienced several outbreaks of vaccine preventable diseases, largely confined to an orthodox Protestant minority group. Based on religious arguments some orthodox Protestants accept vaccination, while others refuse. Their acceptance of vaccination, however, seems to be changing over time. We estimated vaccination coverage in subsequent generations of orthodox Protestants and identified determinants of the intention to vaccinate their (future) children. Methods: In 2013 orthodox Protestants in the age of 18-40 years were invited to fill out an online questionnaire on their own vaccination status, vaccination status of their parents, the vaccination status or vaccination intention for their (future) children, and possible determinants of the intention to vaccinate (future) children. Vaccination coverage of respondents' parents and respondents was compared using chi-square tests. Logistic regression was used to identify determinants associated with vaccination of (future) children. Results: In total, 981 orthodox Protestant respondents were included in the study. Vaccination coverage among the parents of respondents was 40.1% (95% CI 37.8-42.5%), among respondents 55.3% (95% CI 52.2-58.4%). This means an increase of 15.2% in one generation (P < 0.001). About 65% of respondents vaccinated or intends to vaccinate their (future) children. Multivariate logistic regression showed that strongest predictors for vaccinating (future) children were low or moderate level of religious conservatism ] and 4.6 [95% CI 2.9-7.4], respectively), being vaccinated themselves ) and high educational level (OR 2.5 [95% CI 1.6-4.0]). Conclusion: Vaccination coverage among Dutch orthodox Protestants is increasing over time.
Nevertheless, the Dutch society encountered major outbreaks of vaccine preventable diseases. There have been epidemics of poliomyelitis (1992) (1993) , measles (1999) (2000) , rubella (2004) (2005) , mumps (2007) (2008) and again measles in 2013. [2] [3] [4] [5] [6] Most of these outbreaks were largely confined to the orthodox Protestant minority that has religious objections to vaccination and were subsequently spread to orthodox Protestant communities in Canada. 4, 5 The orthodox Protestant minority in The Netherlands has almost 250 000 members, approximately 1.5% of the Dutch population, and is geographically clustered in the so-called Bible belt; a rural area stretching from the south-west to the north-east of the country. 7, 8 The orthodox Protestant community consists of various small church denominations that separated from the Netherlands Reformed Church (and from each other) and that vary in their level of religious conservatism. 8 The highly conservative denominations ( As religion is not registered in Praeventis, the Dutch national vaccination register, 9 the vaccination coverage among orthodox Protestants has always been unknown. However, in 2012, in a study based on two different datasets vaccination coverage in the orthodox Protestant minority was estimated to be about 60%. 10 This is reflected in low seroprevalence of antibodies against poliomyelitis, measles, mumps and rubella among orthodox Protestants, especially in the younger age groups. [11] [12] [13] [14] Acceptance of vaccination varies widely between the denominations. Vaccination coverage is less than 25% in highly conservative denominations, between 50 and 75% in moderately conservative denominations and more than 85% in denominations with a low level of religious conservatism. 10 Orthodox Protestants base their vaccination decisions mainly on religious arguments, like the doctrine of Divine Providence, that is the belief that God controls health and disease. Based on religious arguments some orthodox Protestants accept vaccination, while others refuse. Research suggests that many of them do not make a deliberate choice, but merely follow the tradition within their families. 15 Some studies suggest that acceptance of vaccination among orthodox Protestants is increasing. Janse (1985) found that 52% of orthodox Protestant secondary school students agreed that vaccination should be encouraged, in contrast to 37% of their parents. 16 In two repeated studies in 1998 and 2004 even more students (75%) agreed (parents were not included). 17, 18 There is, however, no evidence that this increasing vaccination acceptance is reflected by an increasing vaccination coverage.
The aim of the present study is to determine whether the vaccination coverage in the Dutch orthodox Protestant community has changed over the generations and which factors influence acceptance of vaccination for the future generation. This knowledge is important to guide policy on outbreak control and targeted vaccination campaigns in this specific subgroup.
Methods

Study design and population
We conducted a cross-sectional observational study using online questionnaires. The study population was defined as orthodox Protestant persons aged 18-40 years (i.e. birth cohorts . This is the age group of (future) parents of young children, as orthodox Protestants usually marry and have children at a relatively young age. Orthodox Protestant was defined as an individual considering him-or herself an 'active orthodox Protestant member' of one of the denominations mentioned above.
Recruitment study population
Data were collected from September to December 2013. Various ways of recruitment were used. An invitation to participate in the survey was published in orthodox Protestant media, like the orthodox Protestant newspaper, two family magazines and a forum website. Furthermore, an invitation was sent by email to members of this website and to the members of orthodox Protestant students' associations. Ultimately, all participants were asked to forward the invitation to their orthodox Protestant friends and relatives aged 18-40 years (snowball method). Participants did not receive an incentive or reward.
Data collection
Respondents were asked to fill out an online questionnaire, which contained questions on age, gender, church denomination (PCN, CRC, RC, RRC, ORC, RCN, other please specify), education (6 levels specified, other please specify), their vaccination status (fully vaccinated, partly vaccinated, not vaccinated, unknown), the vaccination status of their parents (both vaccinated, one vaccinated, both unvaccinated, unknown), if they have children, age of oldest child, vaccination status of the children (fully vaccinated [ 
Data analysis
Categorical variables were described as number (with percentage) and continuous variables as mean (with standard deviation) or median (with interquartile range). Education level was categorized in three levels (high, average and low). The six church denominations were clustered into three categories based on level of conservatism (high, moderate and low). 8, 10 The vaccination status of respondents' parents was presented as the vaccination status per individual parent, as respondents could indicate whether 'none', 'one' or 'both' of their parents had been vaccinated. Vaccination coverage for respondents' parents was computed by dividing the number of vaccinated parents by the total number of parents with known vaccination status.
As vaccination status is strongly associated with church denomination 10 , the calculation of vaccination coverage in respondents' parents could lead to an overestimation, if 'unknown parental vaccination status' was more often reported in respondents belonging to highly conservative denominations. Therefore, we conducted a sensitivity analysis in which the parental vaccination coverage was estimated per church denomination and this figure was subsequently used to compute the missing values in parental vaccination status. The parental vaccination coverage of this sensitivity analysis was compared to the overall parental vaccination coverage.
Respondents' vaccination status was presented as the vaccination status per individual respondent. Vaccination coverage for respondents was computed by dividing the number of vaccinated respondents by the total number of respondents with known vaccination status.
Respondents with children were asked if they had vaccinated their children, and respondents without children were asked about their intention to vaccinate their possible future children.
As we did not ask the number of children per family and respondents' families may not be completed yet, we were not able to calculate vaccination coverage for respondents' children. Therefore we used the proportion of respondents who (intend to) vaccinate their children as an estimation for the vaccination coverage of the next generation.
The primary outcome measures of this study were the vaccination coverage of respondents' parents and, respondents. Statistical comparisons of the vaccination coverage between these two groups were made using a Chi-square test. Moreover, vaccination coverage of respondents' parents and respondents were compared to the proportion of respondents who (intend to) vaccinate their children as an estimation for children's vaccination coverage.
Through univariate and multivariate logistic regression odds ratios were calculated to determine which of the following factors were associated with (expected) vaccination of respondents' children: sex, educational level, church denomination and vaccination status of the respondent. All statistical analyses were conducted using SPSS version 20.0.
Results
In total, 1264 persons filled out the online survey, of whom 989 respondents met the inclusion criteria regarding age and religion. Eight respondents had to be excluded because of incomplete data. Thus, 981 respondents were included in this study.
Study population characteristics are shown in table 1. Median age of the respondents was 24 years (IQR 21-31), 72% were women, 34% were highly educated and 36% of respondents had children. Of the respondents 16% belonged to a highly conservative denomination and 59% to a moderately conservative denomination. Thirty six percent of respondents were recruited by the orthodox Protestant website, the rest via student associations (18%), via advertisements in orthodox Protestant magazines or orthodox Protestant newspapers (12%) and about 30% were recruited via relatives and friends. According to postal codes the respondents were living all over the Netherlands.
Vaccination coverage of respondents and their parents
Vaccination coverage of respondents was 55.3% (95% CI 52.2-58.4%), and 40.1% (95% CI 37.8-42.5%) of their parents had been vaccinated. This means that the vaccination coverage has increased with 15.2% (95%CI 11.3-19.1%; P < 0.001) in one generation.
Vaccination status of the respondents' parents was missing for 302 parents. In the sensitivity analysis we computed these missing vaccination statuses based on the parental vaccination coverage in the different church denominations, which resulted in a estimated parental vaccination coverage of 41.3% (95% CI 39.1-43.4%). Table 2 shows the vaccination coverage for respondents and their parents stratified by church denomination of respondents. Among the church denominations with a low level of conservatism (CRC, PCN) vaccination coverage of respondents' parents and of respondents were 67.2% (95% CI 62.4-71.7%) and 80.0% (95% CI 74.6-84.7), respectively (P = 0.001). Among the moderately conservative church denominations vaccination coverage was 39.2% (95% CI 36.1-42.3) for parents and 57.0% (95% CI 52.9-61.0) for respondents (P < 0.001). Among highly conservative denominations there was no difference between the vaccination coverage of parents (8.5%; 95% CI 5.7-12.0) and respondents (10.8; 95% CI 6.6-16.3; P = 0.43).
Vaccination of respondents' (future) children
Two hundred and twenty three of the 348 respondents with children had vaccinated their children (64.1%; 95% CI 58.9-69.0%). Of the respondents without children, 412/624 (66.0%) intends to vaccinate future children and 122/624 (19.6%) had not yet decided. This proportion of 'doubters' was highest among highly conservative denominations (up to 47%). Table 3 shows a detailed summary of respondents vaccination decision' for their children or intention to vaccinate possible future children, divided by church denomination and education level.
Multivariate logistic regression showed that the strongest predictors for respondents to vaccinating or intending to vaccinate their (future) children were a low (OR 10.4; 95% CI 5.7-18.9) or moderate (OR 4.6; 95% CI 2.9-7.4) level of conservatism of church denomination, being vaccinated (OR 6.0; 95% CI 4.3-8.5) and high educational level (OR 2.5; 95% CI 1.6-4.0). (See table 4 ). Sex and age were not associated with the intention or decision to vaccinate their children.
Discussion
This is the first study that estimated the alterations in vaccination coverage among orthodox Protestants in The Netherlands over time. Vaccination coverage increased between the generation of respondents' parents (40.1% vaccinated) and respondents themselves (55.3% vaccinated), and will most probably further increase in the next generation of respondents' children as about 65% of respondents has vaccinated their children or intends to vaccinate their future children. The overall increase in vaccination coverage is explained by the increase in vaccination coverage among members of denominations with a low or moderate level of conservatism; the vaccination coverage among the highly conservative denominations remains low (< 25%). However, about a third of the highly conservative respondents without children are still undecided about vaccination of future children. This implies that they are at least considering the possibility of vaccination, and if they decide to vaccinate this might result in a future increase in vaccination coverage.
Reasons for increasing vaccination coverage
In our study, respondents who were vaccinated themselves, had a higher educational level and who were member of a low or moderately conservative denomination were more likely to have a positive intention to vaccinate their (future) children. These Table 3 Vaccination acceptance and vaccination intention of respondents with children (N = 348) and without children (N = 624), divided by church denomination and education level Seven respondents with children had children that were still too young to be vaccinated; and vaccination status was missing in questionnaires of two respondents with children. determinants may also explain the increase in vaccination coverage between the previous generations (respondents' parents vs. respondents).
Vaccination tradition
'Being vaccinated' was one of the strongest determinants for a positive intention towards vaccination of (future) children. Among orthodox Protestants as well as among the general population vaccination decisions are often based on tradition rather than on deliberate choice. 15, 19 It is probably difficult for a young parent from the orthodox Protestant community to break with the longstanding 'not-vaccinating tradition'. On the other hand, orthodox Protestant parents mostly adhere to the vaccination decision they make for their first-born and decide accordingly for all following children. 20 Once they have decided to vaccinate their first-born they have probably started a new family tradition for their children and grandchildren.
Education
Conform previous studies, a higher level of education was a determinant of a positive vaccination intention. [16] [17] [18] In the past decades, emancipation of orthodox Protestants resulted in increased participation in higher education, especially for girls.
21 A higher educational level is often accompanied by a more critical attitude towards the value of traditions. 22 Higher educated orthodox Protestants are probably more inclined to break with the not vaccinating tradition in their circles.
Denomination
Strongest determinant of a positive vaccination intention for (future) children in our analyses was a low or moderate level of conservatism of the denomination that the respondent attends. The increase in vaccination coverage between the generation of respondents' parents and respondents for the low and moderately conservative denominations is compatible with this finding. Apart from this, overall vaccination coverage in orthodox Protestants might be influenced by a shift towards less conservative denominations. Among orthodox Protestants membership of a denomination is usually stable, but one may switch to another denomination e.g. because of marriage. A movement towards the less conservative denominations has been observed 23 and may in future result in a higher vaccination coverage in the Dutch orthodox Protestant minority.
Possible limitations
Recruitment and representativeness
As religion is not registered in The Netherlands it is difficult to obtain a representative sample of the Dutch orthodox Protestant population. An anonymous, open online questionnaire was chosen as research method, since it has been successfully used before. 10 In our study population the distribution of church denominations is comparable to the distribution of denominations in the Dutch orthodox Protestant minority, although members of the highly orthodox denominations are slightly underrepresented. This underrepresentation does not affect our main results, as the changes in vaccination coverage over the generations are presented according to levels of conservatism of the denominations the respondents belong to.
Unexpectedly, the snowball technique turned out to include a relative large proportion of members of highly conservative denominations. Among respondents recruited via the snowball technique 24% belonged to a highly conservative denomination, while among respondents recruited via other channels this was only 12%; vaccination coverage among respondents recruited via snowball technique was 44% compared to 60% for the others (data not shown). Conform earlier studies, women and higher educated people were overrepresented, which is probably due to a greater interest in the subject. 10 As a higher education is associated with higher acceptance of vaccination, the vaccination coverage of 'the next generation' (respondents' children) is probably slightly overestimated.
Assessment of vaccination status
In The Netherlands, vaccinations are registered on individual level in a national vaccination register since 2005. 9 It is however not possible to extract historical vaccination data of specific subgroups. Therefore we had to use the self-reported vaccination status. Selfreported vaccination status is considered reliable. 24, 25 Respondents make the vaccination choice for their children themselves and as vaccination is an important issue among orthodox Protestants most of them know the vaccination tradition in their family.
Respondents' intention to vaccinate their children
A limitation of our approach is that we assessed the vaccination status of respondents' children and the vaccination intention for their possible future children at family level and not at individual child level. However, a higher level of conservatism is associated with Table 4 Determinants for intention to vaccinate (future) children, comparing respondents who intend to vaccinate their (future) children (n = 643) with respondents who intend not to vaccinate and those who are still indecisive (n = 338) larger families and, thus, more refusal of vaccination. 26 Therefore, it is possible that the influence of these large unvaccinated families results in a lower overall vaccination coverage for the orthodox Protestant minority than expected based on our assessment at family level.
Future developments
Overall, based on the results of our study and the shift towards less conservative denominations in the orthodox Protestant community, we expect a further increase of the vaccination coverage in the orthodox Protestant community for the coming decades. Probably, within the highly conservative denominations, an inner circle of large families with low vaccination coverage will remain. However, a smaller unvaccinated population will result in longer intervals between epidemics. Consequently, unvaccinated orthodox Protestant children and youngsters may contract vaccine preventable diseases at an older age, which will probably result in more complications. Compared to the 1999 measles epidemic, in the 2013-2014 measles epidemic in the Netherlands the median age of measles cases was higher, which is in line with increasing vaccination coverage. 27 In the general population, various subgroups voice non-religious objections to vaccination. 28 These ideas are noticed in orthodox Protestant circles 15 and might enhance the historical negative attitude towards vaccination, that was originally based on religious objections and thus slow down the increase in vaccination coverage. Vaccination coverage in the orthodox Protestant minority should therefore be measured at regular intervals, e.g. every 5-10 years, in order to assess the net effects on acceptance of vaccination.
Implications for public health policy
During epidemics of vaccine preventable diseases, especially among children, there is usually fierce public debate on compulsory vaccination. In The Netherlands it was also suggested to involve orthodox Protestant religious leaders in promoting vaccination. However, these interventions are not expected to be successful in increasing vaccination coverage. 29, 30 Moreover, resistance against vaccination might even be enhanced by such actions. 28, 31 The present study shows, however, that vaccination coverage among orthodox Protestants is increasing, without targeted actions to promote vaccination. Probably it is sufficient to provide information on vaccination according to the needs of the orthodox Protestants and let time do its work.
Conclusion
This study shows that the vaccination coverage among orthodox Protestants is increasing over the generations and further increase of the vaccination coverage is expected in the major part of the orthodox Protestant community in the Netherlands.
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Key points
In the Netherlands, epidemics of vaccine preventable diseases occur in the orthodox Protestant minority that has religious objections to vaccination. Vaccination coverage among orthodox Protestants has increased over the last generations and a further increase is expected. Public health authorities are advised to refrain from compulsory measures and monitor vaccination coverage closely. In future epidemiology in this minority group may change: vaccine preventable diseases will probably occur at an older age, with more complications.
